The literature has been critically reviewed in order to assess the current various techniques applied in controlling landfill gas emission and leachate generation in landfills, while also taking into cognizance the methods applied in generating energy from biomass and the energy generation potency from landfills. Landfills serve as a simple and very economic means of disposing solid waste, but they also have negative impact on the environment, which includes the emission of Greenhouse Gases (GHG) such as methane (CH 4 ) and carbon dioxide (CO 2 ) and leachate generation. Various technologies have been employed to enhance the quality of emissions from landfills in order to reduce the environmental as well as the social impact caused by landfills. There has been an increased practice of revegetation on landfill sites in order to enhance environmental sustainability and in turn trees further serve as sources of biomass used for energy generation. This study presents a review of the various techniques applied in controlling landfill gas emission and leachate generation in landfills, taking also into cognizance the methods applied in generating energy from biomass and the energy generation potency from landfills. Phytocapping, phytostabilization, anaerobic digestion, pretreatment of solid wastes and waste co-digestion are other technologies that have been used to enhance the recovery of biogas from solid wastes.
INTRODUCTION
Landfill disposal of solid waste is a very common practice in many cities around the world. The constant increase in population, Growth in social civilization, changes in habit in terms of productivity and consumption, increasingly affluent lifestyles and resources use, continued industrial development, has been accompanied by the rapid generation of municipal and industrial solid wastes, which create the adamant absurdity around the world (Anwar et al., 2012) . Table  1 highlights the current data of waste generation as well as projected amount of solid waste to be generated by 2015.
Landfills have great impact on climate change, they generate carbon dioxide (CO2) and methane (CH4) which are greenhouse gases (GHG) contributing to global warming along with several other gaseous components. These gases are by-products of anaerobic decomposition of organic waste, a process which converts organic waste biologically in the absence of oxygen (Renou et al., 2008) . CH 4 and CO 2 being the major Landfill Gases (LFG) have relative amounts of 40-45% and 55-60% by volume, respectively (Raco et al., 2010) although some authors put the values at 50-60% and 30-40% by volume (Wang-Yao et al., 2006) . The Potential of CH 4 as a greenhouse gas is 21 times higher than CO 2 in terms of its potential to cause global warming (Ayalon and Avnimelech, 2009 ). Several factors influence methane generation in landfills. They include; composition of the waste and availability of readily biodegradable organic matter, the age of the waste, moisture content, pH and temperature (Machado et al., 2009) . The processes that lead to the formation of landfill gas are bacterial decomposition, volatilization and chemical reactions (ATSDR, 2001) .
Conventionally, landfill gases are collected from the solid waste layers, where only about 40-60% (V/V) of the total landfill gas generated can be collected due to escape of gases from landfill surfaces and leachate collection pipes (Spokas et al., 2006) . Organic matters in landfill start to decompose when water comes in contact with the buried waste. Leachate production and landfill gas emission are enhanced by an increase in the level of moisture in landfills. Production of leachate in landfills causes vegetation damage, surface and ground water pollution, while greenhouse gas emission in form of methane is involved in ozone depletion and climate change (Lamb et al., 2014) . During the process of municipal solid waste degradation by anaerobic systems, various phases such as hydrolysis, acidogenesis, acetogenesis and methanogenesis are observed. As the methanogenic phase approaches, a large fraction of the digested organic matter of the waste are converted into gas with less amount of liquid produced, hence making more biogas available for energy production and less cost and energy used for leachate treatment (Iglesias et al., 2000; Daniel and Maria, 2012) .
Current available data ----------------------------------------Projections for 2025 ----------------------------------------------------------------------------------------------Urban waste generation
In most of the EU countries and in America, the energy potential from landfill gas as an alternative source of energy has been greatly utilized (Eleni et al., 2012) . Figure 1 shows some countries that have greatly harnessed the energy potential from landfill gas. Bolan et al. (2013) Sustainable landfilling has become one of the main concerns of modern waste management concepts (Cossu, 2010) , especially when considering the technology for controlling both gaseous and leachate emissions and addressing issues on climate change. Leachate contains a large amount of organic and inorganic compounds and their concentrations depend on the type of waste, landfill environment, filling technique and age of the landfill site (Campagna et al., 2013) . If leachate is not properly controlled it may enter underlying groundwater thus causing a serious groundwater pollution. The environmental impact of a landfill by leachate percolation may occur over a long period of time, possibly up to 20 years (Hussein et al., 2008) . It is therefore necessary that landfill leachate be managed properly so that it does not become a threat to the future of our environment.
Current practice of solid waste disposal in a landfill involves placement of solid waste layer on a plastic liner to prevent leachate flow into groundwater. Accumulated leachate above the liner is channeled into a leachate collection/stabilization pond through a leachate collection pipe. This leachate is commonly very concentrated with organic pollutant having COD up to 40000 mg/L (Guo et al., 2004) . Thus the collection pond often becomes anaerobic and producing methane gas that escapes to the environment thus contributing to global warming problems (Ferrey, 2007) . Methane is generated in landfills and open dumps as biodegradable component of the waste contained in them decomposes under anaerobic conditions (Tasneem et al., 2012) . This review, therefore, focuses on the various current methods through which energy has been recovered from landfills in form of enhanced collection of the greenhouse gases it generates. Techniques for the mitigation of leachate generation in landfills, were also highlighted and examined.
METHODOLOGY
Current trends in landfill operations: Recent development in landfill operations have moved towards aerobic or semi-aerobic methods, where air either naturally diffuses or is injected into the decomposing wastes (Aziz et al., 2010) . Usually semi-anaerobic landfills consist of a large diameter main pipe that is joined with other small diameter pipes at the bottom for leachate collection so that air moves easily into the waste matrix through the main pipes with large openings (Threedeach et al., 2012) . Leachate from semi-anaerobic landfills still contains high concentration of organic materials that can be converted into methane (Aziz et al., 2010) . This gas can be recovered for green energy through a proper gas piping system design. However because large quantity of the degradable organic materials are removed together with leachate into the leachate pond, the gas collection from the existing gas pipe is not optimum. More gas can be generated by the landfill if the organic material in the leachate can be further broken down into methane gas at the bottom of the landfill before it is discharged into the leachate collection pond.
Environmental issues from landfills: Several environmental concerns have been raised over the years from the use of landfill as means of solid waste disposal. During degradation of solid wastes in landfills, gases such as CH 4 , CO 2 , nitrogen (N 2 , N 2 O) and sulfur (SO 2 and H 2 S) and a range of other trace gases are generated, with CH 4 being the most dominant gas in landfill sites produced through microbial methanogenic process involving methanobacterium (Penza et al., 2010) .
Gas generated and emitted from landfills have led to an upsurge in greenhouse gas emissions globally, hence the waste sector is considered as a significant contributor to greenhouse gas emissions, emitting about 5% of global greenhouse gas budget (Lou and Nair, 2009) (Table 1 ). The following expression has been used by Salomon and Silva (2009) 16/12 C to CH 4 conversion factor. 788 Gg CH 4 emissions from landfill sites in Brazil which represents about 4.59% of the total CH 4 production was estimated. This expression has been applied to other countries and CH 4 production was found to be in the range of 0.12 Gg in Switzerland to 3801 Gg in China (Table 1 ). The value indicates that CH 4 emission from landfill sites makes a major contribution to the total Green House Gas emission.
Leachate contains a variety of chemical compounds derived from the solubilization of the materials deposited in the landfill and from the products of the chemical and biochemical reactions occurring within the landfill (Tchobanoglous et al., 1993) . A wide range of contaminants, such as dissolved gases, heavy metals and xenobiotic compounds are mainly constituents of landfill leachates (Kulikowska and Klimiuk, 2008) .
During reduction condition in landfills, SO 4 2-reduces to sulfide species and thereby limits the solubility of heavy metals by forming insoluble metal sulfide minerals such as ZnS, CuS, PbS) (Barrett and Mcbride, 2007) also, many studies have indicated the possibility for arsenic (As) and chromium (Cr) to be present in landfill leachate and aquifers impacted by leachate and because of the composition of landfill waste streams, a lot of organic pollutants have been observed in landfill leachates as well as in associated groundwater, some of the most prevalent organic pollutants in landfill leachates include pesticides, BTEX (Benzene, Toluene, ethyl benzenes and Xylenes), chlorinated aliphatic hydrocarbons and chlorinated benzene compounds (Slack et al., 2005) . More so, a range of emerging compounds including flame retardants, pharmaceutical and perfluronated compounds and nanomaterial's has been reported at very high concentrations in landfill leachate and associated groundwater (Scheutz and Kjeldsen, 2005) .
DISCUSSION

Benefits of landfill operation:
Electricity generation from methane gas: In years past CH 4 from landfills have been collected, recovered and utilized for several purposes such as electricity generation and as a direct source of fuel. Methane recovery, although an expensive technology, is being implemented and adopted in many countries (Table 2 ). Landfill gas collection and recovery system's practicability is greatly dependent on the type of gases and the amount of CH 4 emitted by the landfill. In developed countries like in the USA, there has been a dramatic increase in the number of landfill gas to energy projects. In 1999, there were only 300 operational landfill gas to energy facilities which later increased in 2010 to 555 of such facilities generating Table 2 : Potential estimated quantities of methane and electricity production from landfills in various countries (Lamb et al., 2014) Electricity from methane (GWh/yr) = landfill methane produced a (Gg/yr) * (100/20.22) (GWh/Gg) Fig. 2 : General routes of conversion of biomass and landfill wastes into fuels and products (Bolan et al., 2011) electricity estimated at 14 TWh (USEPA, 2011). Table 2 gives the potential amount of electricity produced from CH 4 emission from landfill sites. The data suggests that if all the CH 4 from landfill sites is harvested it could be a considerable source of electricity.
Energy from biomass: Bridgewater has defined biomass as any source of renewable fixed carbon emanating from wood, wood residues, agricultural plants and their residues, industrial and municipal wastes are also considered as biomass for their high percentage output of food waste and fiber (Bridgwater, 2012) . Biomass is produced in landfill sites and can be used in many ways including energy and bio-char production. If the landfill sites are properly managed for the production of biomass, it will have both economic potentialities as well as environmental benefits.
WAYS OF SOLID WASTE TRANSFORMATION
There exist several methods and processes for the management and transformation of solid wastes. Solid waste at landfills can be transformed into fuels and carbon-based products mechanically, biologically or thermochemically (Fig. 2) . Thermochemical methods for transformation of biomass or solid waste are more attractive and have quite a number of advantages which include; high productivity, complete utilization of feed stocks leading to the generation of multiple products, its applicability to a wide variety of feed stocks, independent of climatic conditions and better control over the process as compared to biological processes (Verma et al., 2012) also, some of these technologies can be mounted in-situ on landfill sites to produce bioenergy. The various thermochemical transformation processes, such as pyrolysis, liquefaction and gasification are applicable for conversion of both biomass with low moisture (pyrolysis and gasification) and high moisture contents (liquefaction). These systems have their own considerations, one of which is the requirement of particle size uniformity before the biomass is fed into the reactors; hence some type of blending, grinding and pelletizing is done. In the case of dry gasification systems, uniform particle size is important to the peak temperature propagation rates; smaller particles have a larger surface per unit volume thereby leading to faster burnout and an increase in reactor temperature, more so, much energy is needed to operate reactor plants, as well as very high temperatures are reached for complete burn out of biomass.
Over the years, different countries have adopted various methods of waste disposal for various reasons, reasons which may be attributed to the amount and type of waste generated, waste collection method, availability of land mass and environmental regulations practiced. In very large countries like Australia with low population density, landfill is the most commonly used method of disposal of solid wastes; whereas in Japan, incineration (thermal conversion method) is mostly employed for waste disposal, because of lack of space in country with land scarcity (Bolan et al., 2013) . Interestingly, in many developed countries, high tax rates have been imposed on landfilling thereby discouraging landfill waste disposal and hence encouraging alternative waste management practices such as recycling of waste become more attractive, especially in the EU countries such as Switzerland, Germany, the Netherlands, Sweden, Austria, Denmark and Belgium landfill disposal below 5% in the year 2009 have been reported due to higher landfill taxes imposed on disposal by landfilling (Eurostat, 2012) . Although there has been a significant increase in the reduction, reuse and recycling of solid waste, but still disposal to landfill unavoidably remains the most widely used waste management method (OECD, 2012).
LANDFILL GAS EMISSION ANDLEACHATE REDUCTION
Use of vegetation to enhance environmental sustainability: The fundamental reason for landfill design and management is to contain solid waste materials and reduce gaseous emissions into the environment as contaminants; hence landfill covers are used to reduce water percolation, thereby assuaging groundwater contamination due to the risk of leachate production. Conventionally, landfill covers are designed to minimize percolation and infiltration through the addition of layers with low permeability (e.g., compacted clay caps and geo-synthetic liners) however this is often not achieved as a result of cracks being formed as landfills age due to drying and wetting cycles associated with seasonal changes in rainfall and temperature. This has prompted the current practice of growing vegetation over constructed caps in order to avert the effect of direct exposure to environmental factors which causes the degradation of the barrier layers and also to enhance water storage in the soil and evapotranspiration from the vegetation (Lamb et al., 2014) . Caps are often vegetated by laying down topsoil as rooting substrate and sowing grass seeds i.e., phytocapping. Even though the fundamental management objective is to grow vegetation cover in order to enhance evapotranspiration and assuage cap exposure, high yielding crop species may be established as well. Increasingly, phytocaps are being considered for use at a range of waste disposal sites in many countries especially in the west and America.
The process of phytocapping involves transpiration and root growth that immobilizes pollutants by reducing leaching, controlling erosion, creating an aerobic environment in the root-zone of the plant and adding organic matter to the substrate that binds the pollutant. This alternative technology although initiated primarily for the prevention of surface emission, it also promotes the aesthetic qualities of landfills especially landfills that are mostly adjacent to urban communities and introduces economic benefits such as biomass generation for energy, timber and fodder (Carrington and Diaz, 2011) . Phytostabilization is another revegetation technology which is also employed to provide cover to plants on the surface of contaminated landfill sites with the aim of reducing the mobility of pollutants within the vadose zone through accumulation by roots or immobilization within the rhizosphere, thereby reducing offsite contamination (Bolan et al., 2011) .
Phytocapping and phytostabilization are very promising technologies or methods through which surface emissions of biogas from landfills can be efficiently and greatly reduced, but these above highlighted technologies have not provided suitable means that will care for the gaseous emissions from the leachate that eventually percolates through the landfill.
Use of novel bio-cover to enhance methane oxidation: A prospective or alternative means for CH 4 control or mitigation is to enhance the methane oxidation rate through a special design which provides a favourable environment for methanotrophic activity to occur in landfill cover (Perdikea et al., 2008) . Conventionally, clay and soil are being used as landfill cover materials, some manmade and biological covers have also been applied as alternative landfill covers, such as agricultural soil, horticulture soil, compost, sand, peat and mechanical biological treatment residue. But the application of some more cost-effective biocover materials is encouraged especially obtaining them directly from landfills and aged refuses might be one of such promising alternative materials used for the control of CH 4 emissions. Lou et al. (2011) described aged refuses as the residues of the disposal materials which include; municipal solid waste and sewage sludge in landfills (Lou et al., 2011) . Aged refuses consist of the macro, micro-nutrients as well as abundant microorganisms and lots of humus. Methanotrophs which are the bacteria responsible for methane oxidation are usually accumulated significantly in aged refuses in the long-term stabilization process hence could be applied as contributory materials for landfill bio-cover. The use of aged refuse as landfill bio-cover could serve a dual purpose, which firstly mitigates methane gas emission from landfills and also preserves the void space and increases the landfill life meanwhile. Lou et al. 2011 ) examined a novel bio-cover technology where aged refuses from landfill was used and the optimum biocover composition, the types of aged refuses and the operation parameters (i.e., the moisture, organic matter content and Eh values) were proposed in the end (Lou et al., 2011) .
The novel simulated bio-cover was developed to improve the biological methane oxidation process using both aged refuse and aged sludge from landfill. He observed that 78.7 and 66.9% of CH 4 could be removed using both processes respectively, with the aged refuse: aged sludge (w/w %) ratio 7:3 and 6:4 in bio-cover system accordingly. The optimum CH 4 removal rate could attain 100% if the aged refuse with the disposal time of more than 14 years were applied in bio-cover. Some controlled factors for the methanotrophic activity, i.e., moisture, Eh and organic matter content, were also investigated. The CH 4 oxidation rate increases greatly when the moisture content and organic matter were increased respectively. The optimum conditions for biocover system were found to be as follow: aged refuse: aged sludge ratio of 7:3, the moisture content of 8-9%, Eh of 104-108 mV and organic matter of 9.5%.
As in the case of phytocapping and phytostabilization, the application or use of bio-cover in landfills is also very efficient as seen from previous studies, but it also have its draw backs and inadequacies, especially as touching leachate generation and discharge in landfill sites.
Anaerobic digestion of the OFMSW:
The organic fraction of municipal solid wastes can be digested an aerobically in order to satisfy the European Parliament's directive on solid waste (EUROPA, 2006) . Anaerobic digestion process has been adopted by many European countries for many years yielding good results (Daniel and Maria, 2012) . It is a process in which the solid wastes are stabilized through biological activities in a bioreactor in the absence of air, which eventually results in the generation of methane (CH 4 ), carbon dioxide (CO 2 ) and other trace gases commonly referred to as biogas (Tasneem et al., 2012) . The fermentation results in the breakdown of complex biodegradable organics in a four phase process include:
• Large protein macromolecules, fats and carbohydrate polymers (such as cellulose and starch) are broken into water soluble monomers (amino acids, long-chain fatty acids and sugars). This is brought about by exo-enzymes (hydrolase) found in facultative and obligatory anaerobic bacteria.
• These products are then fermented during acidogenesis to form short-chain (C1-C5) 'volatile fatty acids', mainly lactic, propionic, butyric and valeric acid.
• In acetogenesis, homoacetogenic microorganisms consume these fermentation products and generate acetic acid, carbon dioxide and hydrogen.
• Methanogenic organisms, which are strictly anaerobic, consume the acetate, hydrogen and some of the carbon dioxide to produce methane.
Theoretically, methane formation follows an exponential equation:
where, VB = The biogas yield (m 3 /d) tB = The residence time in the bioreactor (d) C1 and C2 = Constants (Tasneem et al., 2012) Anaerobic digestion is a self-driven process by nature; hence the optimization of several parameters and conditions associated both directly and indirectly with the performance of the reactor is essential in order to achieve good waste management yielding high volume of biogas.
Some of the sensitive aspects which have to be considered for a successful operation of an anaerobic digestion process for obtaining biogas are highlighted below:
• Specific surface of the substrate (Tasneem et al., 2012) Direct landfilling of municipal solid waste is known to cause lasting negative impacts on the environment such as the consequential emissions to the atmosphere, the risk experienced in landfill stability and unavailability of land. Since landfill is regarded as an integral part of solid waste management, it is observed that waste treatment prior to landfilling is imperative as it significantly enhances waste stabilization and reduces the emissions. In this regard, biological pre-treatment of waste like anaerobic digestion is an attractive method especially in Asian countries because of its suitable waste characteristics (Nguyen et al., 2007) .
There exist several other methods of pre-treating wastes before they are either disposed into landfills or digested an aerobically. Mechanical-Biological Treatment (MBT) has been recently considered as an alternative to residual municipal solid waste incineration, basically because of its wider positive public acceptance. In many developed countries, especially in Europe this has become a very well accepted technology, for example, currently in France, six full-scale plants are already in operation with numerous other projects are under development. MBT aims to reduce biogas and leachate generation, minimize odors during the waste deposal operations, reduce landfill settlement and reduce the duration of the landfill site aftercare; MBT is also be considered as a pre-treatment technology employed to improve the beginning of biogas production. MBT of residual MSW include:
• Mechanical pre-processing stages to sort out recyclable materials such as paper, metals and plastics • Biological stages to reduce and stabilize the biodegradable organic materials under controlled anaerobic and/or aerobic conditions (Bayard et al., 2010) .
The pressure extrusion method/technology is another form of pre-treatment method for municipal solid waste, it is a mechanical process that is recently employed in waste treatment plants in waste handling and has yielded appreciable result indicating its efficiency in gas and leachate generation and emission from landfills when wastes are eventually disposed in landfills. This pre-treatment technology guarantees the separation of undesired materials from the flow of the organic fraction of municipal solid waste and at the same time, simplifies its degradation when treated in anaerobic conditions (Daniel and Maria, 2012) .
Several other pre-treatment methods have been carried out on solid waste prior to landfilling. Integration of these various methods into the manner with which various forms of the organic fraction of municipal waste were handled, have shown very positive impact in the system, in terms of reduction in generation and emission of both leachate and biogas. Some of such technologies implemented include; washing of the wastes, which indicates a feasible pretreatment method focused on controlling the leachable fraction of residues and relevant impact , micro-aeration pre-treatment are used basically to enhance hydrolysis of anaerobic digestion (Lim and Wang, 2013) , sonolysis and ozonation have been shown by previous research, to have greatly affected the solubilization of organic solid waste thus improving anaerobic digestion yield (Alessandra and Vincenzo, 2013) .
Despite the various options that have been proposed for the handling of food waste, which includes; incineration, composting, the use of Food Waste Disposal units (FWDs) and anaerobic digestion; anaerobic digestion has enchanted more interest, especially in policy making, because of its potential for energy production. However, food waste is highly variable as a result of factors such as; its source and because its composition might vary significantly from one location to another, which can bea factor militating against to its successful and efficient digestion, Eleni et al. (2012) , suggested an approach which aims to overcome the limitation by using food waste as a cosubstrate in sewage sludge digestion, a process known as co-digestion. Co-digestion involves the digestion of two substrates together as a way to improve digestion efficiency and increase the energy output.
Fat, oil and grease waste from Sewage Treatment Plants (STP-FOGW) have been reported to be commonly disposed of in landfill, co-digestion of the Organic Fraction of Municipal Solid Waste (OFMSW) enhances the valorization of STP-FOGW which results in a higher biogas yield throughout anaerobic digestion process, especially since lipid rich wastes have been observed to be valuable substrate for anaerobic digestion because of their high theoretical methane potential, hence in Martín-González et al. (2010) study, STP-FOGW was evaluated as a co-substrate in wet anaerobic digestion of OFMSW under mesophilic conditions (37°C) and batch experiments carried out at different co-digestion ratios showed an improvement in methane production related to STP-FOGW addition.
Study on the effect of the combination of various operational parameters on the decomposition of Municipal Solid Waste (MSW) in a simulated anaerobic bioreactor landfill was carried out, the parameters considered were aeration with addition of aerobic microbial culture, mixing of gravel, sludge addition, intermediate soil cover and variation in leachate recirculation rate, as against the usual practice of combining two or three parameters in a reactor. The study showed that there was increase in the production of methane gas by 25% (Mali et al., 2012) .
Anaerobic co-digestion of food waste and cattle manure has also been shown to have enhanced the biogas production and the methane yield in the Organic Fraction of Municipal Solid Waste (OFMSW) (Zhang et al., 2013) .
Research has indicated that, the particle size of organic waste in an anaerobic digester does not change the specific biogas yield, but does affect the performance of the digester (Zhang and Banks, 2012) .
Apart from landfill disposal, Home Composting systems (HC) can be used to recycle municipal organic waste and hence resulting in reducing, collection, transportation and treatment costs and energies. Nevertheless, HC configurations must limit gaseous emissions to levels comparable to other treatment methods (Bijaya et al., 2013) .
Leachate can be collected from solid waste via the use of wells or drains and collected leachate can then either be treated and disposed of or reintroduced into the landfill through an artificial recharge system, a process usually referred to as leachate recirculation, which may be employed in order to optimize gas production as it enhances the decomposition of the waste by raising the water content and transportation of bacteria, nutrients and potentially inhibitory waste products, it can also serve as a means used to manage the load on a leachate treatment plant due to the fact that recirculation results in the storage of leachate within the landfill in comparison with fully drained down conditions. The re-introduction or recirculation of leachate back into the waste plays an important role in landfill management also (White et al., 2011) .
One of the most revolutionary and applauded methods of leachate treatment is the reintroduction of high strength leachate back to the landfill, by reintroducing or recirculating the leachate, the organic component of the leachatecan be reduced by the active biological communities within the refuse mass (Sinan et al., 2007) , therefore leachate recirculation increases the moisture content in a controlled reactor system and enhances the transportation of nutrients and enzymes between methanogens (Haleh et al., 2012) .
CONCLUSION
Recently, there has been an upsurge in the number of factories and processing industries operational around the globe. This expansion in turn, results in an overwhelming generation of solid waste. Predictions for years ahead are indicative of an increasing trend in solid waste generation and subsequently in leachate infiltration into groundwater. Today, the increasing discrepancy and finite success of landfill gas recovery and reduction of leachate generation in field practices have raised concerns over the use of the conventional recovery of landfill gas through vents and wide diameter pipes used for leachate collection in semi-aerobic landfill, especially as research has shown that landfill gas escapes into the environment through the collection pipes. Although various limitations and challenges are associated with most of the methods applied in gas recovery from landfills, a widespread and huge progress in this area is anticipated in the future.
